A method for display of 3′-end restriction fragments of cDNAs is proposed, extending the idea reported recently. First, representative pools of such fragments are selectively amplified using PCR suppression effect. Then, simplified subsets of these fragments suitable for comparison by PAGE are amplified by adapter-specific primers extended by two randomly picked bases at their 3′ ends. By testing all possible combinations of extended primers the whole mRNA pool may be systematically investigated. The method was applied to search for molecular regional markers of freshwater planarian Dugesia tigrina.
Recently many variants of an approach generally termed as mRNA differential display have been developed. The key procedure for obtaining discrete band patterns for comparison in the most widely used strategy (1) is amplification with arbitrary primers. However, such 'shotgun' comparison, when the compared cDNA fragments are picked out from the initial pool at random (by means of amplification with arbitrary primers or any other means), is rather ineffective when more or less exhaustive investigation of the sample must be accomplished. Here we present an alternative approach to mRNA differential display, termed ordered differential display (ODD), which does not involve arbitrary priming for pattern generation and provides a possibility for a thorough step-by-step comparison of all mRNAs. To date, although some of the approaches related to differential display which have been proposed could be used for such systematic investigation (2) (3) (4) (5) , these methods are rather complicated or may not have enough sensitivity. Our method is an extention of the recently reported technique (6), employing display of 3′-end restriction fragments of cDNAs. We utilise more reliable strategy for obtaining the representative pools of such fragments (based on PCR suppression effect; 7, 8) and propose an alternative way of their display, which makes possible the systematic analysis instead of original 'shotgun' comparison. ODD is capable of producing stable patterns starting with very small amounts of initial material (0.5 µg of total RNA), and allows direct sequencing of isolated bands after their re-amplification. Besides, our method is remarkably simple. In the presented work search for molecular regional markers was accomplished by comparing gene expression profiles in six transversely dissected parts of planarian (Dugesia tigrina) body by means of ODD. Such sequences could be used as probes in planarian regeneration studies.
In our experiment, a single planarian was cut transversely into six pieces of approximately equal size and total RNA from each Figure 1 . Schematic representation of the ODD protocol. Double-stranded cDNA was synthesized with the T-primer 5′-GCGAGTCGACCG(T) 13 using cDNA Great Length Synthesis Kit (Clontech Laboratories Inc., USA). The cDNA samples were further digested by RsaI. The cDNA was then ethanol-precipitated and half was taken for ligation with pseudo-double-stranded adapter (8): long oligo 5′-GCGTGAAGACGACAGAAAGGGCGTGGTGCGGAGGGCGGT and a short one, complementary to the 3′ part of the longer one: 5′-ACCGCCCTCCGC. Ligation was performed overnight at 16_C in a 10 µl volume with 2 µM adapter. Then 1µl of 1/5 dilution of the ligation mixture was used for PCR with adapter-specific primer (5′-TGTAGCGTGAAGACGACAGAA) and T-primer. Amplification was carried out in 1× PC-2 buffer (50 mM Tricine-KOH pH 8.7, 16 mM (NH 4 ) 2 SO 4 , 2.5 mM MgCl 2 , 150 µg/ml BSA), with 250 µM dNTPs, 0.3 µM primers and 5 U KlenTaq polymerase (Ab Peptides), in a volume of 20 µl. Polymerase was added to the PCR mixtures at 72_C before the first denaturation stage. The amplification profile was: 95_C for 4 s, 65_C for 20 s, 72_C for 1 min (tube control mode), 15-18 cycles (until the amplification product reached the concentration ∼30 ng/µl). One microlitre of 1/30 dilution in water of this PCR product served as initial material for amplifying simplified subsets. part was purified using the guanidinium-isothiocyanate method, which yielded ∼0.5 µg of total RNA per sample. These were used to prepare representative pools of 3′ cDNA fragment from polyA-tract to the first occurrence of RsaI recognition site (Fig.  1) . 3′ cDNA fragments were PCR-amplified, while the amplification of inner fragments [as well as polyA(-) cDNA fraction] was suppressed, as fragments flanked by inverted terminal repeats cannot be amplified with the single primer corresponding to the outer part of the repeat (7, 8) .
In the obtained samples each transcript is represented by a single fragment of characteristic length, bearing definite flanking sequences at its termini: T-primer at 3′ and adapter sequence at 5′. Such pools are then subdivided into simplified subsets by means of amplification with the primers annealing to the flanking sequences but extended by two bases at their 3′ ends (for details see legend to ODD picture for three different 3′ cDNA fragment subsets. Six samples were compared for each subset. The respective combination of extended primers used for subset generation is indicated at the top of each panel (in a primer name two last letters stand for the two-base extention). First, respective AdE-primers ('Adapter specific Extended', 5′-AGGGCGTGGTGCGGAGGG-CGGTCCNN, where NN are varied 'selector' bases) were 32 P-labelled by T4 polynucleotide kinase. Labelling reactions contained 50 mM Tris-HCl pH 7.6, 10 mM MgCl 2 , 1 mM spermidine, 1 mM EDTA, 1 µM primer, 1µM [γ-32 P]ATP and 2.5 U T4 polynucleotide kinase/10 µl. The reaction was carried out for 30 min at 37_C and was stopped by heating the tube for 20 s at 100_C. Then 2 µl of this mixture was added to 18 µl of PCR mixture, containing 20 mM Tricine-HCl pH 8.7, 16 mM (NH 4 ) 2 SO 4 , 2.5 mM MgCl 2 , 150 µg/ml BSA, TaqStart antibodies (Clontech Laboratories Inc., USA), 2.5 U KlenTaq polymerase, 2 pmol non-labelled TE-primer ('T-Extended', T-primer bearing additional two 'selector' bases at 3′ end), 250 µM dNTPs and 1 ng of the 3′ cDNA fragment sample under investigation. PCR was carried out according to the following profile: 95_C for 4 s, 67_C for 20 s, 72_C for 1 min, 20 cycles (tube control mode). To discriminate PCR products, 3 µl of each reaction was analyzed on 6% polyacrylamide sequencing gel. As a running buffer 2× TBE (0.1 M Tris, 0.89 M boric acid, 2 mM EDTA, pH 8.5) was used in gel and lower chamber, while 1× TBE was used in the upper chamber. Wells were washed and filled with 0.4× TBE prior to the pre-run (for 5 min at 600 V) and again before sample loading. After the run, the gel was dried at 50_C and exposed to X-ray film for 12 h. The bands excised for further analysis are marked with arrowheads.
(as there exist 16 possible variants of adapter-specific primer extension and 12 of T-primer). So, by combining various extended primers one can step-by-step look through the whole pool of 3′ cDNA fragments. In this work, we used three extension variants, combining two extended adapter-specific primers with two extended T-primers. Adapter-specific primers (corresponding to the 3′ half of the adapter) carried four additional bases as compared to the adapter sequence: CCTA-3′ and CCTT-3′. Only two distal bases were relevant for specific subset production, because two proximal ones (CC) covered the remainder of RsaI site (TG on the complementary strand) located at the 5′ of each fragment. In these primers the mismatch in the fourth position from the 3′ end (C versus T in RsaI site) was found to greatly contribute to the specificity of priming, making the perfect match in all three 3′ distal ('selector') bases obligatory for successful PCR initiation. The high annealing temperature (67_C) during the subset amplification ensures high specificity of extended T-primer incorporation, thus solving the problem usually encountered when extended (or 'anchored') T-primers are used at this stage of cDNA synthesis (6) .
The ODD picture for three subsets compared in six samples is shown in Figure 2 . From this gel five bands were excised for further analysis. The small pieces of gel containing the bands were cut out, Figure 3 . Tests of isolated sequence specificity by RT-PCR analysis. In each gel lanes 1-6 contain products of RT-PCR obtained from RNA of respective body part, prepared from another planarian specimen. The Dth2 gene, which is known to be evenly expressed along the planarian body (10), was used to confirm the uniformity of the RNA samples. RT-PCR was performed as described in ref. 11. placed into 20 µl of deionized water and eluted for 2 h at 56_C. One microliter of the eluate was taken for band re-amplification with T-primer and non-extended adapter-specific primer (5′-AGGGCG-TGGTGCGGAGGGCGGT) for 17-20 cycles. The PCR products were sequenced directly. Templates for direct sequencing were prepared by biased PCR as described in ref. 9 by 25 PCR cycles from 1 ng of each re-amplified and agarose gel-purified fragment. Sequencing with kinase-labeled extended primers was performed according to the Sequenase protocol for single-stranded templates. Summarizing several ODD analyses made so far, it should be noted that ODD bands usually contain a single sequence (of 15 bands excised, 13 have been successfully sequenced without cloning). This reflects the pronounced sample simplification during subset production in ODD, reducing the probability that a differential band would be masked by the redundant one. Meanwhile, in standard differential display (1) the generated patterns are usually more complex and the probability for a band to contain more than one sequence is higher.
For each of the isolated cDNA fragments a pair of specific primers was synthesized, which were used to check the distribution of the corresponding transcript in independent samples by means of RT-PCR. It was observed that the five isolated sequences were distributed among the compared samples as was seen in ODD (Fig. 3) .
